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Earth’s energy budget with balance
constraints imposed.
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Reassessing the Influence of Clouds on 
Earth’s Radiation Budget
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CloudSat/CALIPSO Perspective
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Cloud effects in the context of Earth’s 
energy budget
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Rossow and Lacis, J. Climate (1990)

July	19,	2017Rossow	Symposium,	June	2017

Page	43	(of	50)…

-17
-25



Cloud Impact on Radiative Heating

Cloud Impact = Qall-sky - Qclr-sky∝ CFTOA - CFSFC𝑄 =
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Distinguishing Cloud Regimes

CLDCLASS-LIDAR

Hang	et	al,	in	preparation,	2017

July	19,	2017Rossow	Symposium,	June	2017



Influence on Column Heating
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A “Simple” Cloud Phase Classification
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Net Radiative Effects

Despite making up only 8% of total cloud cover, mixed-phase clouds 
contribute about 20% to the NET CRE at both TOA and surface
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Vertical Distribution
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Key Points

ì The new dimension provided by active sensors enable cloud states to
be redefined to explicitly include vertical structure information,
including a more robust separation of single- and multi-layer cloud
systems and mixed-phase clouds.

ì On the annual mean, clouds are found to exert a net cooling of -17
Wm-2 (±6 Wm-2) globally.

ì Multi-layered clouds are prevalent in many of the classical cloud
regimes, accounting for 42% of global cloud cover and contributing
nearly 30% of the total net global cloud radiative effect at TOA.

ì Mixed-phase clouds comprise less than 10% of total cloud cover but
account for about 20% of the net cloud radiative effect at TOA and
surface.
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Influence of cloud phase on Earth’s energy budget

NEWS	EB
Liquid
Ice
Mixed-Phase
Multi-Layer
Wm-2

July	19,	2017



2016 GDAP Meeting
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Influence on TOA CRE
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Distinguishing Mixed-Phase Regimes
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Convective

Mixed-Phase Clouds

Non-convective

Regional Distribution of Regimes
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Adding the Vertical Dimension
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Influence on Net QR(z)
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